A 31-year-old man with glioblastoma multiforme (GBM) presented with a week history of progressive and severe pain, erythema, and swelling in his right ankle and dorsal surface of his foot. He denied fevers, chills, sweats, or any additional localizing symptoms.
Introduction
Members of the genus Mycoleptodiscus , currently comprising 18 species, are well-known plant pathogens, particularly in tropical and subtropical regions. For example, the type species, Mycoleptodiscus terrestris , was initially described as an agent of root rot in red clover and other leguminosae [1, 2] . Mycoleptodiscus indicus is associated with leaf-spot disease of Ixora and other hosts in India [3, 4] and has been linked with leaf necrosis in cycads [5] . In culture, Mycoleptodiscus species produce pale brown hyphae with abundant appressoria and irregularly-shaped sporodochial conidiomata composed of dark brown cells bearing ampulliform phialides with a single collarette [6 -10] . Conidia are typically hyaline and curved, with 0 -3 hair-like appendages. Conidial production is uncommon but may be stimulated by growing the organism in light and by addition of plant material to culture media [11] . cava fi lter placement for extensive pulmonary emboli, and steroid-induced diabetes mellitus. He had received temozolomide one month previously and was currently taking 6 mg of dexamethasone daily. He had been prescribed oxycodone as needed for lower extremity pain a few days prior to his current admission.
The patient had worked in road construction and cleaned sewer pipes in Massachusetts, USA. He had no pets and he denied any unusual contact exposures or prior trauma to his lower extremities.
His temperature was 37.7 ° C, heart rate 120 beats per minute, and blood pressure 150/96 mmHg. He was abulic and slow to respond to questions. His physical examination demonstrated marked pitting edema throughout his right lower extremity, with diffuse erythema and warmth of the dorsal surface of his right foot and the anterior and lateral surfaces of his right ankle, as well as a hematoma on his right dorsolateral foot with tense, slightly dusky overlying skin. These erythematous areas were exquisitely tender to palpation. There were no areas of disrupted skin integrity or tinea pedis. Pulses were normal in both lower extremities. Laboratory values were notable for a leukocyte count of 9,210 cells/ μ l with 62% neutrophils and 9% bands.
The patient initially received vancomycin for empiric treatment of severe cellulitis and enoxaparin for a popliteal deep vein thrombosis diagnosed on ultrasound. His pain became increasingly severe over the next day, and he required high narcotic doses for pain control. Ceftazidime and clindamycin were added to his empiric antimicrobial regimen but despite these measures, his right distal calf, ankle, and foot became increasingly erythematous, mottled, and swollen. The area of hematoma on his right foot spontaneously opened and drained copious serosanguinous material.
Three days after his initial presentation, pressures in each of the compartments of his increasingly swollen right leg were elevated between 30 and 60 mmHg, which required surgical decompression. During his four-compartment fasciotomy, purulent-appearing material with hematoma was noted in his superfi cial posterior compartment and a large hematoma superfi cial to the medial and lateral heads of his gastrocnemius muscle. Non-viable skin and tissue on the dorsal surface of his right foot was debrided to the intrinsic muscles of his foot, and necrotic material between the third and fourth interspaces of his foot was removed. The hematoma on the dorsolateral aspects of the right foot was evacuated and debrided the wound was copiously irrigated.
Examination of a piece of tissue from the medial head of the gastrocnemius muscle which had been sent to pathology for intraoperative frozen section review revealed acute infl ammation and necrosis of his skeletal muscle and invasive hyphal elements. He received liposomal amphotericin 5 mg/kg IV daily postoperatively. He returned to the operating room the following day for inspection of his lower extremity wound. His muscles appeared infl amed and edematous, and a pocket of cloudy fl uid between the gastrocnemius and soleus muscles was drained.
Final pathologic examination with Gomori methenamine silver staining of the calf muscle specimen from his fi rst debridement confi rmed the presence of abundant invasive septate, parallel-walled or irregularly swollen hyphae in the setting of acute infl ammation and tissue necrosis (Fig. 1) .
Specimens of four anatomically distinct areas from his original fasciotomy and debridement were sent for culture. Gram stains of all specimens showed rare polymorphonuclear cells but no microorganisms. Cultures on Sabouraud dextrose agar slants incubated at 25 ° C in darkness all grew a similar appearing mold within 48 h. The isolates were subcultured to potato dextrose agar (PDA) and incubated at 25 ° C to stimulate conidial formation. The mold was macroscopically yellowish and gray in appearance with a black reverse. Microscopic studies demonstrated hyphae which appeared septate and many darkly pigmented appressoria, but no conidia were seen. This isolate was submitted to the Fungus Testing Laboratory at the University of Texas Health Science Center in San Antonio for further identification and antifungal drug susceptibility testing. Fungal isolator cultures of blood samples were negative. Serum beta-glucan was Ͼ 500 pg/ml and serum galactomannan index 0.10.
Given the isolation of a dematiaceous mold, amphotericin was discontinued and voriconazole was started at a dose of 200 mg orally three times daily [12] . The appearance of the patient ' s lower extremity initially improved, with decreasing erythema and swelling. Three weeks after the patient ' s initial debridement, he developed fevers of up and displayed polar and occasionally, lateral appendages (Fig. 2c ). Based on these morphologic features, the isolate was identifi ed as a Mycoleptodiscus species [7 -10] . While the phenotypic morphology of the isolate was suggestive to 38.2 ° C and new areas of ulceration and erythema in his right forefoot and prominent swelling in his medial calf despite voriconazole therapy. He returned to the operating room for an examination of his leg under anesthesia, and was found to have edematous muscle and pockets of cloudy, purulent fl uid in the medial aspect of his wound. The majority of his gastrocnemius muscle appeared nonviable, and extensive areas of necrotic muscle were debrided. Pathologic examination of material from his deep calf tissue showed numerous invasive fungal forms associated with necroinfl ammatory debris and fi brin, acute and chronic infl ammation, and abscess formation. Examination of debrided tissue from his right forefoot showed ulceration and acute and chronic infl ammation in association with fungal hyphae. This specimen was unfortunately not sent for culture.
Given his lack of clinical improvement over the following week and the questionable functionality of his remaining leg with attempted limb salvage through further debridement procedures, he underwent amputation of his leg approximately one month after his initial presentation. A large collection of purulent material was discovered in the posterior compartment of his leg adjacent to his knee, and his leg was therefore amputated just proximal to the knee. The margin of his resection specimen appeared viable, without any evidence of involvement by his infection.
Voriconazole was discontinued three weeks after his amputation and he had no further recurrence of his invasive fungal infection. Unfortunately, the patient passed away from progressive GBM disease approximately one year after his amputation procedure. At the Fungus Testing Laboratory, the isolate was accessioned as UTHSC 08 -1754 ( ϭ R-4426) and subcultured onto potato fl ake agar (PFA), carnation leaf agar, and V-8 juice agar, all prepared inhouse, and incubated at 25 ° C. On PFA, colonies were moderately fast growing, initially light gray, becoming a darker gray with a black reverse and a yellow pigment. Abundant appressoria suggested a possible Mycoleptodiscus species (Fig. 2a ) and these were compared with those described for various species in this genus [6] .
However, since appressorial features are quite similar among different Mycoleptodiscus species, these structures are not very useful for identifi cation of our isolate. Similar appressoria are also seen in the more common coelomycetous genus, Colletotrichum , but Colletrichum species were ruled out upon observations of conidia. The most useful medium for the formation of diagnostically useful structures was V-8 juice agar, what with the development of conidiomata, conidiogenous cells and conidia after 5 days incubation. Conidiogenous cells were broadly ovate or ampulliform with a prominent aperture and fl ared collarette (Fig. 2b) . Conidia were hyaline and mostly aseptate (Fig. 2b) , although rare conidia contained a single septum of M. indicus , the conidial features, including occasional septa and lateral appendages, were somewhat atypical for this species. We sequenced the internal transcribed spacer (ITS) region and the D1/D2 region of the large subunit of the nuclear rRNA gene of this isolate, under accession number UTHSC R-4426, for more defi nitive species identifi cation. DNA was obtained from an isolate grown on PDA at 30 ° C for 20 h. ITS amplicons were obtained using ITS1 and ITS4 primers [14] and D1/D2 amplicons were attained with primers NL1 and NL4 through the use of previously described PCR conditions [10, 15, 16] . Purifi ed templates were sequenced in both directions at the Advanced Nucleic Acids Core Facility at the University of Texas Health Science Center at San Antonio using the same primers for ITS and D1/D2 amplifi cation.
ITS and D1/D2 sequences were compared to available sequences in the National Center for Biotechnology Information nucleotide database (http://www.ncbi.nlm.nih.gov/ blast/Blast.cgi). Using a query length of Ն 90% and percent identity of Ն 97% as cut-offs for signifi cance, the closest matches of the ITS search were M. terrestris [GenBank# U97332, Identity ϭ 615/615 (100%) The case isolate was deposited in the University of Alberta Microfungus Collection and Herbarium, Edmonton, Alberta, Canada, under accession number UAMH 11158 ( ϭ R-4426). The D1/D2 and ITS sequences of R-4426 were deposited into GenBank under accession numbers JN654989 and JN654999, respectively. D1/D2 and ITS sequences of R-4537 were deposited under accession numbers JN711859 and JN711860, respectively. Since M. terrestris is reported to be unable to grow at temperatures higher than 32 ° C, we conducted maximum temperature of growth studies [17] . Our isolate demonstrated excellent growth after 7 days of incubation on PFA slants at 25, 30, 35 and 40 ° C. The strain appeared to grow optimally at 30 ° C, and no growth was observed at 45 or 50 ° C.
Antifungal drug susceptibility testing was performed according to the method outlined in Clinical and Laboratory Standards Institute (CLSI)-approved standard M38-A2 [13] . Maximum inhibition was obtained after 48 h at 0.5 μ g/ml, 0.06 μ g/ml, 0.03 μ g/ml, and 0.25 μ g/ml of voriconazole, posaconazole, terbinafi ne, and amphotericin B, respectively. Although no defi ned breakpoints exist for this organism, results would suggest susceptibility to all agents based upon achievable drug concentrations using standard dosing regimens.
Discussion
All three human cases of invasive M. indicus skin and joint infections reported to date were resolved by either debridement or a relatively brief course of systemic antifungal therapy. The fi rst patient was an avid gardener from South Carolina with Wegener ' s granulomatosis who was treated with methotrexate and corticosteroids and developed M. indicus prepatellar bursitis and synovitis after gardening on his bare knees [7] . He underwent multiple debridements of his knee and received an 18-day course of amphotericin B, then a month of itraconazole with resolution of his infection. The second patient was a liver transplant recipient from Florida with HIV and hepatitis C co-infections. He developed numerous subcutaneous nodules in a sporotrichoid distribution on his hand shortly after receipt of pulsed corticosteroids for acute allograft rejection. This individual developed these lesions while taken care of Zamia cycads [9] . He received liposomal amphotericin, then oral voriconazole 200 mg twice daily. When his skin lesions did not improve after 4 weeks of antifungal treatment, he received granulocyte-macrophage colony-stimulating factor and his voriconazole dose was increased to 300 mg twice daily. He received voriconazole at this dose for 4 months with full resolution of his skin lesions. The third patient developed M. indicus synovitis and osteomyelitis in the absence of any apparent immunocompromising conditions, after being scratched by the sharp leaves of tropical plants while vacationing in Costa Rica [8] . His infection resolved with simple debridement of affected areas of bone and synovial tissue without receiving any antifungal therapy. Two other potential cases of human M. indicus cutaneous infections were mentioned in the same report, but few details of the clinical history were available [8] . M. indicus has also caused progressive subcutaneous infection and lymphadenitis, then systemic dissemination, in an immunocompromised dog [10] .
The origin of our patient ' s invasive Mycoleptodiscus infection remains unclear. Although he had worked in road construction and cleaned sewer pipes prior to his illness, he had not engaged in these activities for several months prior to his current presentation and he denied a previous history involving penetrating trauma to his leg. Invasive fungal infections have been described years after penetrating injury as a result of contact with plant matter, in the setting of immunosuppression [18] .
It is also unclear why this patient ' s clinical course was substantially more fulminant than described in other Mycoleptodiscus infections despite aggressive debridement and active antifungal therapy with amphotericin and voriconazole. Perhaps his immunosuppression was more profound, with temozolomide and corticosteroid treatment, his infection was more extensive at the time of presentation, or his particular Mycoleptodiscus strain was more virulent than the etiologic M. indicus strains in the earlier reports. Temozolomide chemotherapy, especially in patients concurrently receiving corticosteroids, is known to cause marked CD4 lymphopenia [19 -21] and is associated with a wide array of opportunistic infections, including cytomegalovirus infection [20, 22] , Pneumocystis jirovecii pneumonia [19, 20, 23, 24] , cryptococcal meningitis [25] , and invasive aspergillosis [19, 26] .
This case of invasive Mycoleptodiscus infection is the fi rst in which identifi cation of the isolate could not be resolved at the species level because of dissimilarities between morphological and molecular results. Identification was especially challenging given the limited number of Mycoleptodiscus isolates available for comparative morphological and molecular analysis. The morphologic appearance of our isolate and its growth at temperatures greater than 32 ° C were suggestive of M. indicus [11] . The D1/D2 sequence was equally dissimilar with M. indicus clinical isolates and the M. terrestris type isolate, and the ITS sequence aligned more closely with M. terrestris isolates. The contrasting morphological, D1/D2 and ITS sequence results indicated unresolved taxonomic relationships within Mycoleptodiscus . Morphological and preliminary ITS assessment performed by two authors of this report (JS, DH) demonstrates a high level of variation among isolates identifi ed as M. terrestris . On this basis, it is reasonable to postulate that a similarly high level of variation exists amongst isolates of other Mycoleptodiscus species. The isolate obtained from this patient may be representative of the diversity among Mycoleptodiscus species or it may represent a different species. Further taxonomic clarifi cation and a greater understanding of the diversity within the Mycoleptodiscus genus will be an ongoing endeavor and require the assembly of further representative cultures of each of the known species.
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